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[57] ABSTRACT

In a color separation prism system for a color television
camera, a bias light source is located at a position sub-
stantially displaced from one or the other of the two
Intersections of (i) a plane including the optical axis of
the taking lens of the camera and perpendicular to the
plane including the optical axes of the three color light
beams incident to the pick up tubes and (ii) the two

- parallel edges of a prism block formed by the entrance

face thereof to which the light from the taking lens of
the camera is incident and the upper and lower parallel
faces of the prism block parallel to the plane including
the optical axes of the three color light beams. The
color separation prism system is particularly suitable for
use in a system in which the refractive index of the glass
constituting the prism blocks is as high as 1.7.

3 Claims, 6 Drawing Figures
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COLOR SEPARATION PRISM SYSTEM FOR
COLOR TELEVISION CAMERA

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a color separation prism
system for use in a color television camera, and more
particularly to improvements in a color separation
prism for use in a color television camera provided with
a bias light source.

2. Description of the Prior Art

It has been known in the art to use a bias light means
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in a color separation prism system in a color television

camera 1n order to eliminate residual images formed on
the pick up tubes in the camera. The bias light is inde-
pendent of the light from the object televised and is

15

introduced to uniformly illuminate the face of the tubes

to eliminate the residual images thereon. The art of
using a bias light in a color television camera is dis-
closed, for instance, in U.S. Pat. No. 3,824,004.

On the other hand, various kinds of ENG (Electronic
News Gathering) cameras for the purpose of gathering
news have recently been developed. This kind of cam-
era 1s desired to be compact and have a lens of a diame-
ter as large as F:1.4 so as to be easily handled and opera-
ble in comparatively dark places. In order to make the
camera as compact as possible, it is desirable to use glass
of high refractive index on the order of nd=1.7 for the
glass material of the prisms. By using a glass with a high
refractive index such as nd=1.7, the volume of the
color separation prism system can be reduced to § to
1/5 that of the conventional color separation prism
system using BK7 glass having a refractive index of
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nd=1.5168 when the diameter of the lens is made as 35

large as F:1.4. Furthermore, by using glass of high re-
fractive index to make the volume of the color separa-
tion prism system small, it is made possible to use a
zoom lens system having a comparatively short back
focal length, which facilitates the design and manufac- 40
ture of the zoom lens system of a small size and high
performance.

The color separation prism system using the glass of
high refractive index which has the above described

advantages, however, is disadvantageous in that when a 45

bias light is introduced therein a total reflection occurs
in the prism system and the three color image pick-up

tubes for red, green and blue are not all equally exposed
to the bias light. |

SUMMARY OF THE INVENTION

The primary object of the present invention is, there-
fore, to provide a color separation prism system for a
color television camera in which three color image
pick-up tubes are equally exposed to bias llght and a
glass material having a high refractwe index is used for
the prisms.

Another object of the present invention is to provide
a color separation prism system for a color television
camera which makes possible the fabrication of a com-
pact handy camera of high performance. |

The above described objects of the present invention
are accomplished by locating a bias light source in a
color separation prism system made of glass of high
refractive index at a position substantially displaced
from one or the other of the two intersections of (i) a
plane including the optical axis-of the taking lens of the
camera and perpendicular to the plane including the
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optical axes of the three color light beams incident to
the pick-up tubes and (ii) two parallel edges of a prism
block formed by the entrance face thereof to which the
light from the taking lens of the camera is incident and
the upper and lower parallel faces of the prism block
parallel to the plane including the optical axes of the
three color light beams.

- BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a plan view showing a color upuatlon

prism system of the type generally employed in color
television cameras,

FIG. 2 is a perspective view of a color separation
prism system in which the positions where a bias light
source may be located are indicated,

FIG. 3 18 a perspective view showing a poaltlonal
relation between a bias light source and a prism block
wherein total reflection occurs and the photoelectric
face of a pick-up tube is not uniformly exposed to the
bias light,

FIG. 4 is a perspective view showing a positional
relation between a bias light source and a prism block
wherein total reflection does not occur and the photoe-
lectric face of a pick-up tube is uniformly exposed to the
bias light,

FIG. 3A is a perspective view of an embodiment of
the color separation prism system in accordance with
the present invention, and

FIG. 5B 1s a developed view showing the optical path
of the bias light beam in the color separation prism
system as shown in FIG. 5SA.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now the present invention will be described in detail
with reference to its principle of operation and pre-
ferred embodiments thereof.

FIG. 1 shows the general structure of a color separa-
tion prism system for a color television camera. Refer-
ring to FIG. 1, behind a taking lens 1 is provided a prism
system consisting of a first prism block 2 having a blue-
reflecting dichroic face 8, a second prism block 3 hav-
ing a red-reflecting dichroic face 9, and a third prism
block 4. The first prism block 2 has an entrance face
provided with a blue-trimming filter §, the second prism
block 3 has an entrance face provided with a red-trim-
ming filter 7 and the third prism block 4 has an entrance
face provided with a green trimming filter 6. Further, as
is well known in the art, there is provided an air gap 13
between the first prism block 2 and the second prism
block 3 so that the light reflected by the red-reflecting
dichroic face 9 of the second prism block 3 is totally
reflected by the entrance face of the second prism block
J faced to said air gap 13. The image obtained by the
taking lens 1 is focused on the photoelectric faces of
three pick-up tubes 10, 11 and 12 for blue, red and green
light beams.

In the color separation prism system as described
above, a bias light source is usually located at one or
both of the positions as shown by the reference numeral
23 or 24 in FIG. 2. The positions shown by the numerals
23 and 24 are intersections of (i) a plane 26 including the
optical axis 14 of the taking lens 1 of the camera and
perpendicular to the plane 18 including the optical axes
15, 16 and 17 of the three color light beams incident to
the pick-up tubes 10, 12 and 11, respectively and (ii) two
parallel edges 21 and 22 of the first prism block 2
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formed by the entrance face 25 thereof to which the
light from the taking lens 1 of the camera is incident and
the upper and lower parallel faces 19 and 20 of the prism
block 2 parallel to the plane 18 including the optical
axes 15, 16 and 17 of the three color light beams.

When a glass material having a high refractive index
~ on the order of nd=1.7 1s used for the color separation
prism system with a bias light source at such a position
as described above, a total reflection occurs in the opti-
cal path of the light reflected by the face 8 of the first
prism block 2 adjacent to said air gap 13 and conse-
quently a part of the photoelectric face of the pick-up
tube 11, for instance, is not exposed to the bias light.

The conditions for the occurrence of total reflection
at the surface of the face 8 will hereinbelow be de-
scribed with reference to FIG. 3.

Referring to FIG. 3, two bias light sources L1 and L2
are located at the positions 23 and 24 in FIG. 2 and the
intersection 0 of the optical axis 14 of the taking lens 1
and the entrance face 25 of the first prism block 2 is
assumed to be the origin of a three dimensional rectan-
gular coordinate system having its x-axis extending in
both the entrance face 25 and said plane 26 in FIG. 2, its
y-axis extending in both the entrance face 25 and said
plane 18 in FIG. 2 and its z-axis extending along the
optical axis 14 of the taking lens 1.

Now assuming that a unit vector A is taken along the
line from the light source L1 to a point P1(x},y1,21) on
the photoelectric face 12a of the pick-up tube 12, the
- condition for occurrence of total reflection of the bias
light from the light source L1 by the surface 8 of the
prism block 2 is represented by the following formula

lcos—IAN|> 8 (1)
where N is a vector normal to the surface 8 of the prism
block 2 and @ is the critical angle of the prism block 2,
and

X — X}

A = (e

Nex — x)? + 72 + 22

'N=(1.m,n)LmandnarcdircctioncosineSofN

‘The same .;_conditibn also applies to the bias light L2.
The range in which the above conditions are satistied
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prism system provided with bias light means. FIG. 4
shows the positions of the bias light sources 1.1 and L2
displaced from the positions as shown in FIG. 3. The
positions shown in FIG. 4 are displaced by Ay from the
positions shown in FIG. 4. By locating the bias light
sources L1 and 1.2 at the displaced positions, the region
where the photoelectric face is not exposed to the bias
light 1s moved beyond the effective area of the photoe-
lectric face 12a of the pick-up tube 12 as indicated by
hatching in FIG. 4.

In other words, the positions of the bias light sources

L1 and L2 are desired to be determined to satisfy the
following conditions:

lcos—!A.N| <6 (2)

where

X — X]

A= (e
NG — 212 + O — &P + 22

y — Ay
NGx — x1)? + (7 — AP + 22

21

_—___________.)
NGx — x1)2 + (9 — &P + 212

The positions which satisfy the above condition are
indicated at 23¢ and 24z in FIG. 2 for instance.

FIG. 5A shows an embodiment of the color separa-
tion prism system provided with a bias light source
located at a position desired in accordance with the
present invention, and FIG. 5B is a developed view of

the optical path of a color light beam in the color sepa-

ration prism system as shown in FIG. SA. Referring to
FIGS. 5A and 5B, a prism block 2 is provided with &
small prism 31 having a reflecting face 31a. The small
prism 31 is attached to the top surface of the prism block

—_—y ;“J;)
N —x2 + 2 + 22 Nx — a2 + 32 + 22

is enlarged as the critical angle @ is decreased. There- 50 2 at a position displaced from an imaginary plane by the

fore, when the refractive index of the prism block 2 1s

large, the light which is to impinge upon the photoelec- -

tric face 12ag of the pick-up tube 12 in the region indi-
“cated with hatching is totally reflected by the surface 8
of the prism.block 2. This region of course changes as
the apex angle @ of the prism block 2 changes. How-
~ ever, the apex angle o of the prism block 2 in a color
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separation prism system is normally automatically de-

termined in view of the brightness of the system desired
and the desired position of the optical axes of the light
emanating from the prism system. For instance, there-

distance Ay which satisfies said formula (2). The imagi-
nary plane is said plane 26 which includes the optical
axis of the taking lens of the camera and is perpendicu-
lar to the plane including the optical axes of three color
light beams incident to the three pick-up tubes for the
three color light beams. The small prism 31 is located on
an edge of the prism block 2 formed by the entrance
face of the prism block 2 and the upper face thereof

- parallel to a plane including the optical axes of the three

fore, when the refractive index of the prism block 2 1s

nd=1.7, the apex angle will be w~23°. Accordingly,:
the apex angle cannot be easily changed to change said
region as desired.

Consequently, it is necessary to locate the bias light

65

sources .1 and L2 at the positions displaced from said

positions which are conventional in the color separating

color light beams. The bias light is given by a bias light
source 34 located in the vicinity of the small prism 31.
The bias light is introduced into the small prism 31 and
then into the prism block 2. In more detail, the bias light
source 34 is located immediately above the small prism
31 as shown in FIG. SB and the light therefrom is intro-
duced into the prism block 2 by way of said reflecting
face 31a of the small prism 31 and a reflecting or diffus-
ing face 32 provided on the prism block 2. The reflect-
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ing or diffusing face 32 is a part of a surface of the prism
block 2 which reflects or diffuses the light from the bias
light source 34 by way of the top face of the small prism
31 and said reflecting face 31a toward the photoelectric
face 12a of the pick-up tube 12 by way of said total
reflection surface 8 of the prism block 2. The prism

block 2 is further provided with a reflecting or diffusing

face 33 cut into the edge of the prism block 2 formed by
the entrance face and the bottom face thereof so that a
part of the bias light from the bias light source 34 intro-
duced into the prism block 2 is reflected thereby toward
the tube 12.

The reflecting or diffusing faces 32 and 33 may be
formed into a cylindrical shape so as to diverge the bias
light reflected or diffused thereby. In FIG. 5A, the
reflecting or diffusing face 33 is formed into a cylindri-
cal shape convex to the light source 34 so as to effec-
tively diverge the bias light reflected or diffused
thereby and uniformly illuminate the whole area of the
photoelectric face 12a of the pick-up tube 12.

By the provision of the bias light source 34 at the
position as described above, the bias light is effectively
guided toward the whole area of the photoelectric face
12a of the pick-up tube 12 without being totally re-
flected by the surface 8 of the prism block 2. Further, by
providing the reflecting or diffusing face 33 in addition
to the face 32, it becomes unnecessary to provide two

bias light sources, thus facilitating the maintenance of

the bias light source. ~
[t should be noted that the present invention is di-

rected to a color separation prism system consisting of

prism blocks made of high refractive index glass but the
high refractive index is not limited to said nd=1.7. The
refractive index discussed in this invention should be
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understood to have a close relationship with the size of
the photoelectric face of the pick-up tubes and the de-
sired F-number of the system.

We claim:

1. A color separation prism system for use in a color
television camera comprising a taking lens, a color sepa-
ration prism system for separating a light beam from the
taking lens into three color light beams, three pick-up
tubes for the three color light beams and a bias light
source for introducing bias light into the prism system
to which the pick-up tubes are exposed, wherein the
improvement comprises a bias light source located at a
position displaced from one or other of the two inter-
sections of a plane including the optical axis of said
taking lens of the camera and perpendicular to a plane
including optical axes of the three pick-up tubes, and
two parallel edges of a prism block of the prism system
formed by the entrance face thereof to which the light
from the taking lens of the camera is incident and upper
and lower parallel faces of the prism block parallel to
the plane including the optical axes of the three color
light beams; said prism block of the prism system being
made of glass having a refractive index of as high as 1.7.

2. A color separation prism system for use in a color
television camera as defined in claim 1 wherein said
prism block is provided with one or a pair of reflecting
or diffusing part for reflecting or diffusing light from
said bias light source toward said three pick up tubes.

3. A color separation prism system for use in a color
television camera as defined in claim 2 wherein said
reflecting or diffusing part of the prism block is of cylin-
drical shape to diverge the light reflected or diffused
thereby. |
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